isolates harbouring the same mecA allele often exhibited different levels of resistance, 17 even within the same species, indicating that strain-specific factors may be significant in 18 the expression of methicillin resistance. Furthermore, different mecA alleles can be 19 present in isolates belonging to the same MRSA clone suggesting either multiple 20 independent acquisitions of the same SCCmec type harbouring variant mecA alleles or 21 evolution of the mecA alleles within these strains over time. Finally, Monecke et al. 22 (2012a) also identified different MRSA clones with the same mecA allele suggesting the 23 acquisition of a common mecA allele by different SCC/SCCmec elements and 24 responsible for catalysing DNA cleavage, strand exchange and recombination between the 1 two attachment sites, one on the SCC element (attSCC) and the other on the bacterial 2 chromosome (attB) (Wang and Archer, 2010) . The inverted repeats flanking SCCmec also 3 appear to play a role in the excision but not integration of SCCmec and 100-200 bp 4 sequences upstream and downstream of the attB sequence determine the frequency and 5 efficiency of SCCmec insertion and may determine why SCCmec acquisition by S. aureus 6 is limited and does not appear to occur in all lineages (Wang et al., 2012) . 7
Guidelines and criteria were established by the IWG-SCC for naming ccr genes, 8 allotypes and alleles, with different ccr genes sharing <50% DNA sequence identity, 9 allotypes sharing 50-85% DNA sequence identity and alleles sharing >85% DNA 10 sequence identity (IWG-SCC, 2009 Zong et al., 2011). Lastly, ccr allotypes with >85% DNA identity to more than one 6 allotype have also been described and it has been proposed that in this situation the ccr 7 allotype should be assigned to the closest match (Zong and Lu, 2010) . regions and within the mec complex. However, the nomenclature for these subtypes was 1 assigned prior to the IWG-SCC criteria. Since SCCmec IIA-IIE, mainly differ from 2 SCCmec II due to sequence variation in the J1 region it may be appropriate to reclassify 3 these with lower case suffixes i.e. IIa-IIe. However, other SCCmec elements have been 4 designated these SCCmec subtypes. Since SCCmec types IIB, IID and IIE also differ from 5
SCCmec II due to the absence of pUB110 in the latter two subtypes and absence of Tn554 6 in IIB, the use of the uppercase suffixes may, in these instances, be appropriate. 7
The current IWG-SCC guidelines provide valuable guidance on many aspects of 8 SCCmec nomenclature, but as outlined above, there are still ambiguities that need to be 9 resolved. One difficulty associated with the current SCCmec nomenclature is that there 10 are only a limited number of alphabetic designations that can be used for SCCmec 11 subtype designation. An alternative nomenclature for SCCmec subtype designation was 12
proposed which involved designating each of the J regions an Arabic number in the order 13 of discovery, but this has not been widely adopted. According to the IWG-SCC (2009) a 14 novel computer-based binary system that will assign SCCmec subtypes in an 15 unambiguous manner based on the presence or absence of specific DNA sequences is 16 under development. and mec complex genes that cannot be assigned to previously described SCCmec types. 25
When SCCmec types are reported in non-S. aureus staphylococci that have previously 1 been reported in MRSA then the MRSA SCCmec designations are used. However, while 2 the nomenclature for ccr and mec complexes used for MRSA in some cases includes 3 those found exclusively in non-S. aureus staphylococci, SCCmec elements to date found 4 exclusively in non-S. aureus staphylococci with novel combinations of ccr and mec gene 5 complexes are not assigned SCCmec type numbers, and if they are assigned numeral 6 names they are different to those used for MRSA. In most cases this is because these 7
SCCmec elements have predominantly been characterised using PCR-based methods and 8 not by complete nucleotide sequencing. For example, in one study 10 SCCmec elements 9 with novel combinations of mec and ccr complexes in a variety of non-S. aureus 10 staphylococci from humans were designated untypeable 1-10 (UT1-UT10) ( Pseudo (ψ) SCCmec elements. These elements carry mecA but lack the ccr 10 complex. To date five ψSCCmec elements have been described in staphylococci ( Table  11 1). Due to their similarity to previously described SCCmec elements, three of these 12 ψSCCmec elements appear to be the result of deletion events or may represent precursors 13 of known SCCmec elements. For example, in ψSCCmec II.5 and ψSCCmec 16691 , the 14 regions extending from within or just beyond the mec complex to the chromosomal Pseudo (ψ) SCC elements. These elements lack ccr and mec genes, commonly 24 form part of CIs (Table 1) and can be differentiated into three groups (i) arginine catabolic 25 mobile elements (ACMEs), (ii) SCC-like elements, chromosome cassettes or SCCmec 1 insertion site genomic sequences, and (iii) SCCmec remnants that lack mecA and ccr 2 genes but have a genomic organisation almost identical to a previously described SCCmec 3 element apart from the absence of a contiguous region of ccr and mec and intervening 4 genes ( Table 1) (Table 1) . 12
Finally, SCCmec remnants have been described that lack mecA and ccr genes but have 13 similarity to previously described SCCmec suggesting that they are either derived from 14 SCCmec elements with the loss of mecA and sections of SCCmec or represent SCCmec 15 precursors prior to the acquisition of mecA (Table 1) . Another fully sequenced remnant 16 (SCCmec IID remnant) that harbours ccr and mec complex genes but without mecA is 17 therefore not classified as a SCC, ψSCCmec or ψSCC element (Shore et al., 2008) . They often harbour a number of ccr and antimicrobial resistance genes and in some cases 25 virulence-associated genes (Table 1) gene cap1 on a SCC element in S. hominis and a homolog of pbp4 and a teichoic acid 7 biosynthesis protein, tagF, on a SCC element that forms part of a CI in S. epidermidis 8 (Table 1) . 9
Conclusions 11
Studies undertaken over the last decade to elucidate the mechanisms underlying 12 the emergence and evolution of MRSA strains have revealed an ever-increasing 13 complexity among SCCmec and SCC elements in staphylococci and have provided new 14 insights into the likely origins of SCCmec. The increasing diversity identified in SCCmec 15
and SCC elements has complicated typing methodology currently used for 16 epidemiological investigations but has also highlighted difficulties with current SCCmec 17 and SCC nomenclature, especially among non-S. aureus staphylococci. Investigating the 18 role of specific CoNS and other bacterial genera in the evolution of SCCmec in MRSA, in 19 particular using high-throughput whole-genome sequencing platforms to accurately 20 determine the DNA sequence of entire elements, will provide fruitful avenues for future 21 Holden, M.T., Feil, E.J., Lindsay, J.A., Peacock, S.J., Day, N.P., Enright, M.C., Foster, TJ, 1 Moore, C.E., Hurst, L., Atkin, R., Barron, A., Bason, N.., Bentley, S.D., 2 Chillingworth, C., Chillingworth, T., Churcher, C., Clark, L., Corton, C., Cronin, 3
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